Background
==========

Post-herpetic neuralgia (PHN) is prolonged neuropathic pain persisting for over 3 months after an attack of acute herpes zoster.[@b1-ceor-5-597] It is the most common complication of shingles and develops in up to 34% of sufferers,[@b2-ceor-5-597] with estimates of prevalence ranging from 500,000 to 1 million.[@b3-ceor-5-597] The burden of PHN can be considerable; it has been reported to be associated with severe psychosocial dysfunction, including impaired sleep, decreased appetite, and diminished libido that affects patients' quality of life,[@b4-ceor-5-597],[@b5-ceor-5-597] normal daily activities, and social activities.[@b6-ceor-5-597] Older individuals, who are most susceptible to PHN, are at greater risk for complications such as fatigue, anorexia, weight loss, insomnia, depression, difficulty concentrating, and difficulty performing activities of daily living.[@b7-ceor-5-597]

Economic data suggest that the cost of PHN is also considerable. In Italy, for example, direct cost per episode of PHN has been shown to be €446 for outpatients, rising to €2,806 for inpatient care, with the total economic burden of zoster plus PHN in Italy estimated at €41.2 million.[@b8-ceor-5-597]

Current management of PHN
=========================

Guidelines for the management of PHN are included in most guidelines for neuropathic pain; for example in the Special Interest Group on Neuropathic Pain of the International Association for the Study of Pain (NeuPSIG)[@b9-ceor-5-597] and the European Federation of Neurological Societies (EFNS).[@b10-ceor-5-597] Specific guidelines for the management of PHN have been issued by the American Academy of Neurology (AAN).[@b11-ceor-5-597]

Recommended first-line treatments for PHN include tricyclic antidepressants (TCAs), gabapentin, pregabalin, or the topical 5% lidocaine medicated plaster. Opioids, tramadol, capsaicin cream, and the capsaicin 8% patch are recommended as either second- or third-line therapies in different guidelines.[@b12-ceor-5-597] The EFNS updated guidelines recommend TCAs or gabapentin/pregabalin as first-line treatment in PHN and topical 5% lidocaine medicated plaster as first-line in the elderly, especially when there are concerns regarding the CNS side effects of oral medications.[@b10-ceor-5-597]

The side effects of many systemic treatments, particularly TCAs, can be limiting and can compromise quality of life[@b13-ceor-5-597] and patient compliance.[@b12-ceor-5-597],[@b14-ceor-5-597] TCAs can also cause significant dysrhythmias in patients with conduction abnormalities.[@b15-ceor-5-597] As a result, clinicians are recommended to prescribe TCAs cautiously to patients with a history of congenital QT syndrome, cardiovascular disease, or hypokalemia.[@b16-ceor-5-597] Also, many patients with PHN are not optimally managed[@b10-ceor-5-597],[@b17-ceor-5-597],[@b18-ceor-5-597] and can undergo several months of "trial and error" treatment.[@b9-ceor-5-597]

Gabapentin and pregabalin are the most commonly prescribed systemic agents for PHN.[@b18-ceor-5-597] Gabapentin (Neurontin®, Pfizer, New York, NY, USA) has dose-limiting side effects such as somnolence, dizziness, and ataxia, which are of concern in the elderly, who are more prone to falls.[@b19-ceor-5-597] These side effects may result in undertreatment; this suspicion is supported by market research analyses of prescription data from five European countries, which suggests that prescriptions are often on the lower end of the dose range (978 mg/day; range, 793--1,247 mg/day versus indicated dose 900--3,600 mg/day) (unpublished data, IMS MAT, September 2012). Gabapentin has analgesic efficacy in established PHN, where pooled trial results have given a number needed to treat (NNT; 50% pain reduction) of 4.39 (3.34--6.07).[@b20-ceor-5-597],[@b21-ceor-5-597] Clinical trial data suggest that gabapentin results in 30% of patients achieving 50% pain relief.[@b22-ceor-5-597] Pregabalin (Lyrica®, Pfizer) is in the same class as gabapentin and has a similar side effect profile.[@b23-ceor-5-597] The relative risks for these events increases with dose[@b24-ceor-5-597] and, as with gabapentin, this may result in undertreatment, again supported by prescription data showing the mean daily dose of pregabalin across five European countries is at the lower end of the dose range (188 mg/day; range 163--250 mg/day versus the indicated dose 150--600 mg/day). Pooled results of two studies[@b25-ceor-5-597],[@b26-ceor-5-597] showed the NNT (50% pain reduction) with pregabalin was 4.93 (3.66--7.58). In addition, a post hoc analysis of eleven clinical studies of pregabalin in patients with diabetic peripheral neuropathy (DPN) or PHN showed significant improvements in pain and clinically meaningful pain relief in all age groups.[@b24-ceor-5-597]

Topical treatments for PHN include the capsaicin patch and the 5% lidocaine medicated plaster (LMP; Versatis®, Grünenthal GmbH, Aachen, Germany). The capsaicin patch is licensed for the symptomatic relief of PHN once skin lesions have healed. Results from two studies (709 participants in total) that compared a single high dose (8%) capsaicin patch with placebo suggested the NNT, for ≥30% pain relief over 12 weeks, was 12 (6.4--70).[@b27-ceor-5-597] The most common side effects of the patch are local skin reactions and application site pain; this can be severe in some patients and requires pretreatment with lidocaine cream or oral opioid analgesics.[@b28-ceor-5-597],[@b29-ceor-5-597]

Lidocaine medicated plaster in post-herpetic neuralgia
======================================================

The LMP consists of 5% lidocaine (w/w) in an aqueous adhesive on a soft hydrogel dressing. It is approved by both the European Medicines Agency (EMA) and the US Food and Drug Administration (FDA) for the treatment of PHN.

Evidence from six published randomized controlled trials,[@b31-ceor-5-597]--[@b36-ceor-5-597] six open-label, nonrandomized studies,[@b13-ceor-5-597],[@b36-ceor-5-597]--[@b40-ceor-5-597] and one retrospective follow-up survey[@b41-ceor-5-597] shows it to be well tolerated and effective. Current data suggest that LMP may be superior to pregabalin and as efficacious as gabapentin. A recent head-to-head comparative study versus pregabalin[@b13-ceor-5-597] has shown that LMP has a superior efficacy and safety profile, with greater improvements in patient satisfaction and quality of life. In that study,[@b13-ceor-5-597] adults with PHN or painful diabetic peripheral neuropathy received LMP applied to the most painful skin area or twice-daily pregabalin capsules titrated to effect. The primary endpoint was response rate at 4 weeks, defined as reduction averaged over the last 3 days from baseline of ≥2 points or an absolute value of ≤4 points on the elevenpoint Numerical Rating Scale (NRS-3). Results for patients with PHN showed the percentage of responders was greater in those receiving LMP (63.3% versus 46.8% for those receiving pregabalin), and that mean change from baseline in the EuroQol health index (EQ-5D) estimated health state was 0.12 for recipients of LMP versus zero for pregabalin recipients. In addition, patients' global impression of change (PGIC) was rated as "very much/much improved" in 51% of LMP recipients versus 42% of pregabalin recipients; clinicians' global impression of change (CGIC) was rated as "very much/much improved" in 53% of LMP versus 33% of pregabalin recipients and patients rated their treatment satisfaction as "excellent" in 16% of LPM recipients versus 7% of pregabalin recipients. The adverse event (AE) profiles of the two treatments were markedly different: 48 AEs were observed in 18.7% of patients receiving the LMP, compared with 194 AEs in 46.4% of pregabalin recipients. Drug-related AEs occurred in 5.8% of those receiving the LMP compared with 41.2% in those receiving pregabalin. The most common drug-related AEs in the LMP recipients were headache (1.3%) and application site irritation (1.3%). Overall, 5.8% patients receiving LMP experienced an AE leading to study discontinuation, compared with 25.5% of patients receiving pregabalin. Among these, 2.6% in the LMP group and 23.5% in the pregabalin group discontinued because of drug-related AEs.

In addition, a quantitative systematic review of analgesic therapy has suggested that LMP has superior efficacy to pregabalin: the NNT for pain relief was 2.00 (95% confidence interval \[CI\] 1.43--3.31) for LMP compared with 4.93 (95% CI 3.66--7.58) for pregabalin.[@b42-ceor-5-597] Similarly, a randomized placebo-controlled study of LMP in PHN and peripheral neuropathic pain syndromes gave an NNT of 4.4, which compares well with other treatments for PHN.[@b30-ceor-5-597] Another systematic review has suggested that LMP and gabapentin have similar effects on pain relief, and that LMP is more effective than capsaicin and pregabalin.[@b43-ceor-5-597]

Pain is known to impact severely on quality of life, and LMP has been shown to improve pain interference with quality of life in a number of studies involving patients with different neuropathic pain conditions.[@b44-ceor-5-597] In one study, 332 individuals with PHN treated with LMP reported significantly lower mean scores on the Brief Pain Inventory Short Form (ie, improved quality of life) across all domains compared with baseline.[@b37-ceor-5-597] Also, a prospective, multicenter, noninterventional observational study in Germany found major improvements in quality of life in 922 patients with chronic neuropathic pain using LMP over 12 weeks.[@b45-ceor-5-597] Long-term use of the LMP has been reported and has been found to be both effective and well tolerated.[@b40-ceor-5-597],[@b46-ceor-5-597],[@b47-ceor-5-597] In one study, 102 patients from a 12 month study were included in an extension phase of up to 3 years. Twenty-seven patients (26.4%) were still using an LMP after a total of 4 years. At the final visit, LMP was rated to be good by 91% of physicians and 89% of patients; there was no evidence of a reduced analgesic effect or an increase in drug-related adverse events with long-term treatment.[@b47-ceor-5-597]

This overview reports on the value of LMP from a health economics point of view versus current standard of care. The results from nine cost-effectiveness or cost-utility studies from Europe examining the comparative benefit of this topical treatment are presented.

Cost-effectiveness of LMP in PHN: the European experience
=========================================================

Analytical models for cost-effectiveness analysis in PHN are typically Markov-type models because costs and outcomes usually span a significant period of time. Markov models group patients into a finite number of health states, with time progressing in equal increments. All events are represented as transitions from one state to another with a certain probability. Transition probabilities are calculated from epidemiological and/or clinical data. Spending one cycle in a given state is associated with a certain cost and a defined utility outcome reflecting the quality of life.

Methodology
-----------

Nine cost-effectiveness studies were undertaken in different European countries (UK, Scotland, Germany, Spain, the Netherlands, Sweden, Austria, and Portugal). As no head-to-head study was available for the early models,[@b48-ceor-5-597]--[@b52-ceor-5-597] transition probabilities were derived from Delphi panel discussion supplemented by data from two clinical trials.[@b21-ceor-5-597],[@b37-ceor-5-597] The methodology used in these early models is described in detail in Dakin et al.[@b48-ceor-5-597] For the later models,[@b53-ceor-5-597]--[@b56-ceor-5-597] a head-to-head clinical trial versus pregabalin[@b13-ceor-5-597] was available; transition probabilities were based on the results from this study. Details on the methodology used in these later models are described in Ritchie et al.[@b53-ceor-5-597]

A Markov model for LMP in PHN was developed using TreeAge Pro software (TreeAge Software Inc, Williamstown, MA, USA) to calculate the costs and clinical utility outcomes of LMP relative to gabapentin and/or pregabalin for PHN in terms of the cost per quality-adjusted life years (QALYs) gained. The two core models described above[@b48-ceor-5-597],[@b53-ceor-5-597] were adapted by implementing local resource use and costs to allow cost-effectiveness analyses reflecting different country situations. The main branch of the model was designated for each treatment strategy to be investigated, with identical subsequent branches, with differences in probabilities as described above and with different resource use and costs.

The model structure is shown in [Figure 1](#f1-ceor-5-597){ref-type="fig"}. The model had a time horizon of 6 months to allow for extrapolation beyond the time horizon of clinical trials data and thus for patient discontinuation from treatment at any time. The main outcome measure of the model was cost per QALY gained. An additional outcome measure was time without pain or intolerable adverse events as measured by discontinuation because of drug-related AEs, which is a modification of the "time without symptoms or toxicity" (TWIST) analysis. The number of months without pain or intolerable AEs was based on the average percentage of the period modeled during which a patient experienced sufficient pain relief without intolerable AEs. Run-in phases were incorporated because patients starting treatment with gabapentin and pregabalin required an initial titration to the therapeutic dose. Each arm of the basic model had five disease states, and patients moved from one state to another according to their response to treatment or any adverse effects they experienced.

The disease states were:

-   run-in with lidocaine, gabapentin or pregabalin.

-   maintenance with lidocaine, gabapentin or pregabalin.

-   run-in with lidocaine plus additional medication, gabapentin plus additional medication, or pregabalin plus additional medication.

-   maintenance with lidocaine plus additional medication or gabapentin plus additional medication or pregabalin plus additional medication.

-   dropout: this state encompasses all patients who experienced intolerable adverse effects with lidocaine/gabapentin/pregabalin or had pain relief despite use of concomitant medication; in this state, patients are assumed to cease lidocaine/gabapentin/pregabalin and switch to alternative medication.

Patients entering the model received either LMP or gabapentin or pregabalin and remained within the run-in state for 30 days. After this time, patients experiencing intolerable AEs ceased treatment and entered the dropout state, where they switched to alternative therapies; those with insufficient pain relief added other medications. Patients with adequate pain relief and no intolerable AEs (responders) were assumed to enter the maintenance treatment phase, where they remained unless they discontinued therapy or ceased to have sufficient pain relief.

Patients receiving additional medication first entered a further 30 day run-in phase during which the additional medication was titrated. They then progressed to the maintenance disease state or dropped out and switched to other treatments if they experienced intolerable AEs or insufficient pain relief. Patients who began treatment with an additional medication and experienced intolerable AEs or insufficient pain relief were assumed not to go back to the original single-agent treatment with gabapentin, pregabalin, or LMP, but to enter the dropout disease state, where all patients switched to other medications such as acetaminophen, tramadol, capsaicin, or codeine and would remain in this state for the remainder of the period modeled. The types and doses of switch medications were estimated by a Delphi panel and were taken into account in cost calculations.

As outlined earlier, transition probabilities for the models were based on efficacy data from clinical trials ([Table 1](#t1-ceor-5-597){ref-type="table"}) and discussion by Delphi panels. In each country, pain experts and general practitioners were eligible to join the Delphi panels if they had treated at least five patients with PHN in the past year and had had experience with the investigated treatments. Each panel member completed a questionnaire addressing the types and doses of concomitant or switch medications required, and resource use associated with each health state. Consensus on the most realistic value for each parameter was then reached at a panel meeting. Participants were reimbursed for their time and travel expenses and were aware of which company was sponsoring the study, but had no other known conflicts of interest.

Drug costs used in the models were taken from official price tariffs in each country. Utilities were derived from a study by Cepeda and Farrar[@b57-ceor-5-597] in patients with neuropathic pain. These utilities were adapted based on the clinical experience of the Delphi panels and applied to each disease state within each arm of the model. Scenario analyses and extensive sensitivity analyses including probabilistic sensitivity analyses (PSA) were undertaken to determine the robustness of results.

All studies using this model focused on an elderly population of patients with PHN who had insufficient pain relief with standard analgesics and could not tolerate or had contraindications to TCAs, thus reflecting the usual treatment population for the LMP or pregabalin.

Results
=======

A summary of the individual studies is presented in [Table 2](#t2-ceor-5-597){ref-type="table"}. The pooled results from all studies outlined in [Table 3](#t3-ceor-5-597){ref-type="table"} show that LMP is a cost-effective method of obtaining sustained relief from localized neuropathic pain associated with PHN, compared with gabapentin and pregabalin in all health care settings investigated.

Results from the early UK study showed the LMP was dominant to gabapentin and the PSA closely matched the base-case results.[@b48-ceor-5-597] The incremental cost-effectiveness ratio (ICER) was significantly below the threshold of £20,000 to £30,000 per QALY, and the 95% CI ranged from LMP being dominant over gabapentin to costing £2,163 per QALY gained.

In Scotland, results showed the LMP was associated with an ICER of £3,767 relative to gabapentin and PSA demonstrated 98.7% confidence that LMP is cost-effective relative to gabapentin at a £20,000 per QALY threshold and 65% confidence at a £5,000 per QALY threshold.[@b49-ceor-5-597] The scenario analysis using 1.03 LMPs per day showed LMP as dominant to gabapentin with a 99.8% confidence at a £20,000 per QALY threshold. The model relative to pregabalin showed LMP costs £674 per QALY relative to pregabalin 300 mg and £434 per QALY relative to pregabalin 600 mg.[@b50-ceor-5-597] The PSA demonstrated 99.9% confidence that LMP is cost-effective relative to 300 mg pregabalin and 99.8% confidence that it is cost-effective relative to 600 mg pregabalin at a £20,000 per QALY threshold. Modified TWIST analysis gave costs of £27 and £18 per additional month with sufficient pain relief and no intolerable side effects relative to pregabalin 300 mg and 600 mg, respectively.

Results from Germany showed an ICER of €3,453 relative to gabapentin and dominance relative to pregabalin.[@b51-ceor-5-597] PSA demonstrated a 99.36% confidence that LMP is the most clinically effective treatment and a 99.09% chance that LMP is the most cost-effective treatment of the four therapies considered in the analysis if the Gesetzlichen Krankenversicherung (GKV; German Health Insurance Ordinance) is willing to pay at least €20,000/QALY gained. The modified TWIST analysis showed the ICER for LMP to be €137 per additional month without adverse effects relative to gabapentin, and €35 per additional month without adverse effects or symptoms relative to pregabalin 300 mg, and dominance over 600 mg pregabalin.

In the Netherlands, the model showed a cost per QALY of €908 relative to gabapentin, €1,161 relative to 300 mg pregabalin and dominance relative to 600 mg pregabalin.[@b52-ceor-5-597] The PSA demonstrated a 99% confidence that LMP is cost-effective relative to gabapentin, 300 mg and 600 mg pregabalin, if the Dutch society is willing to pay at least €20,000 to gain one QALY. The LMP cost €44 per additional month with sufficient pain relief and no intolerable side effects relative to gabapentin, €65 relative to 300 mg pregabalin and was dominant relative to 600 mg pregabalin.

In the second, subsequent modeling study undertaken in the UK comparing LMP with pregabalin, the average patient treated with LMP accrued 0.321 QALYs over the 6 month period versus 0.254 for pregabalin, with a cost per QALY of £2,925 relative to pregabalin.[@b53-ceor-5-597] Results for the ICER from the scenario analysis using 1.1 LMP per day showed LMP as dominant relative to pregabalin. The PSA results closely matched those of the base-case and indicated an almost 100% confidence that LMP is the most cost-effective strategy if society is willing to pay at least £15,000 to gain one QALY ([Figure 2](#f2-ceor-5-597){ref-type="fig"}). The model also predicted that within the same time period patients treated with LMP would have a mean of 4.29 months (71.5% of the total period modeled) with adequate pain relief and no intolerable AEs compared with a mean of 2.74 months (45.6% of the total period modeled) for pregabalin giving an ICER of £126 per additional symptom-free month relative to pregabalin.

In Spain, the base-case analysis showed an ICER for LMP compared with gabapentin and pregabalin of €7,009 and €4,230 per QALY gained respectively[@b54-ceor-5-597] Scenario analysis with a lower LMP consumption of 1.1 per day showed the ICER decreased to €3,525 per QALY gained compared with gabapentin and to €742 per QALY gained relative to pregabalin. PSA showed that at acceptable cost-effectiveness thresholds of €20,000--30,000 per QALY, the lidocaine plaster had a high probability of being cost-effective compared with both gabapentin and pregabalin.

In Sweden, similar results were obtained: the cost per QALY was €2,520 relative to 300 mg pregabalin, and scenario analysis using 1.03 LMPs per day showed the plaster was dominant to 300 mg pregabalin.[@b56-ceor-5-597] The PSA demonstrated over 90% confidence that LMP is cost-effective relative to pregabalin, costing less than SEK 180,000 per QALY gained relative to pregabalin.

The base-case analyses for Austria and Portugal showed that both costs and QALYs were higher with LMP compared with pregabalin but with a highly acceptable ICER[@b55-ceor-5-597] (€9,899 and €4,663 per QALY gained relative to pregabalin for 1.71 and 1.03 plasters per day in Austria and €1,112 per QALY gained relative to pregabalin for 1.71 plasters per day and dominance with 1.03 plasters per day in Portugal). The PSA showed that at acceptable cost-effectiveness thresholds LMP had a high probability of being cost-effective compared with pregabalin both in Austria and Portugal. Results for Portugal also showed that there was an approximately 40% chance that LMP was both more effective and less expensive than pregabalin.

Discussion
==========

This paper draws together a number of similar cost-effectiveness analyses all designed to assess the costs associated with LMP in PHN as compared with gabapentin and pregabalin. All studies were based on a similar Markov model, originally designed for the UK health care system, but which was adapted for other national systems in Europe. Although transition probabilities evolved as new comparative data became available (non-head-to-head studies, Delphi panel estimations, and head-to-head studies), and index costs and dosages were adapted according to local settings, the overall results are remarkably similar and show that LMP is a highly cost-effective treatment for PHN, with costs per QALY falling within the willingness to pay thresholds of all countries studied. Extensive sensitivity analyses were undertaken in all studies; these analyses demonstrated that the findings were robust and that the outcome was not sensitive to the underlying assumptions of the model. The results highlight the need for prescribers to balance pain relief with side effects in PHN and show that the better safety profile associated with LMP can translate into real cost savings when included in the model used.

The sensitivity analyses demonstrated that LMP dose -- ie, number of plasters used per day -- significantly impacted the cost-effectiveness result in most countries. Doses used in the different analyses reflected typical doses used in clinical trials and average actual doses reported from clinical practice; these ranged from 1.03 to 1.89 plasters per day. The size of the painful area defines the number of plasters used per day, whereby the label allows up to three 140 cm^2^ plasters per day for the duration of pain (Versatis® SPC; Grunenthal Ltd, Stokenchurch, UK). In a retrospective, observational study investigating the efficacy and safety of treating refractory chronic neuropathic pain with LMP in patients attending pain centers in France, the majority (74%) of patients used only one plaster daily and only 13.5% used two plasters per day.[@b46-ceor-5-597] This suggests that the data predicting the cost-effectiveness resulting from using 1.03 LMPs per day may more closely reflect actual usage.

The results from several analyses included in this review suggested that LMP was a cost-effective treatment in all countries. Moreover, in some scenarios it was shown to be a dominant strategy, ie, being both more effective and less costly versus comparators. Several cost-effectiveness studies for treatment intervention in PHN have been published, but they include different efficacy outcomes, different formulations and the results are often conflicting. One large study designed to compare the topical 8% capsaicin patch with products currently used in the treatment of PHN from a managed care perspective and used a 12-month Markov model with monthly cycles; the efficacy parameter was the proportion of patients achieving at least a 30% improvement in PHN pain.[@b58-ceor-5-597] The study included data from multiple clinical trials taken from literature searches, although no head-to-head studies were used. Products compared included TCAs, LMP, duloxetine, gabapentin, and pregabalin, with costs taken from a US internet site, drugstore.com. The result supports the results covered in this review,[@b58-ceor-5-597] since they found the highest cost-effectiveness was achieved with LMP and 8% capsaicin patch. There was no significant difference in effectiveness rates between the plasters, and both had significantly greater effectiveness rates compared with TCAs, gabapentin, duloxetine, and pregabalin. However, the number of LMPs used per day in this model was three, considerably more than used in the studies included in this overview.

Smith and Roberts[@b59-ceor-5-597] in the US constructed a Markov model to estimate the incremental cost-effectiveness of sequential management strategies for established PHN in hypothetical cohorts of 70-year-old patients using various sequences of six drugs: gabapentin, topical LMP, TCAs, opioid analgesics, pregabalin, and tramadol. LMP was considered only in the separate analyses for patients with localized pain. The authors found that, for these patients, LMP was favored as a reasonable and cost-effective first-choice therapy.

Health care utilization analyses also support the cost-effectiveness of LMP and suggest that the costs of treatment with LMP are less than those with gabapentin or pregabalin. A study undertaken in the US to compare the annual health care expenditures of commercially insured patients using either LMP or gabapentin as analgesia for many pain conditions, including PHN, showed that patients using LMP spent \$1,780 per patient per year less than those on branded gabapentin.[@b39-ceor-5-597] Further, the study showed that LMP was still less costly when it was compared with generic gabapentin. Another study undertaken in the US has compared the resource utilization and costs of LMP relative to gabapentin and pregabalin in PHN as identified by Medicaid claims data.[@b60-ceor-5-597] Results showed that during the 6 month study period prescription costs were similar for matched patients receiving either LMP or gabapentin/pregabalin but that the PHN-related medical costs were lower in those using LMP compared with those receiving gabapentin/pregabalin (\$145 versus \$353, *P*=0.12).

There is an increasing movement toward the need for cost-effectiveness data in the decision-making process in Europe; for example, health technology assessment procedures in the UK, the Netherlands, Scotland, Sweden, and Portugal all require cost-effectiveness data. This is usually provided as cost per QALY, and values ranging from \$50,000 to \$100,000 are sometimes used as a threshold in the US and in the UK (and in some countries in Europe). NICE has adopted a cost-effectiveness threshold range of £20,000 to £30,000 per QALY gained. While reimbursement decisions should incorporate other factors such as efficacy and safety, social values and impact on health-related quality of life, cost-effectiveness data are still an important component of the decision-making process. The results from cost-effectiveness analysis for LMP in Europe suggest that its cost per QALY falls well below the accepted thresholds in those countries studied, and as such it provides value for money. These results highlight the importance of basing reimbursement decisions on health care resource use rather than simply on the direct cost of the treatment: LMP is more costly than other first-line treatments in PHN, but because of its superior side effect profile, users make fewer demands on other health care resources. This reduces overall costs and suggests LMP is highly cost-effective.

Clinical trial evidence supports the use of various pharmacological therapies for PHN, but the benefits of each agent need to be carefully balanced against the patient's underlying medical condition, age, and ability to tolerate side effects. Most patients with PHN are elderly, and polypharmacy is prevalent in this group of patients: for example, one study has identified that around 20% of people over the age of 70 years take five or more drugs at any one time.[@b61-ceor-5-597] Polypharmacy is associated with increases in drug--drug interactions, adverse drug reactions, disease--drug interactions, and food--drug interactions.[@b62-ceor-5-597] In addition, there is an associated increase in the prevalence of falls,[@b63-ceor-5-597] hospital admission rates, length of hospital stay, readmission rates, and mortality rate.[@b64-ceor-5-597] A topical therapy such as LMP, with proven efficacy and a very limited potential for systemic side effects and interactions with other medication,[@b30-ceor-5-597],[@b32-ceor-5-597]--[@b35-ceor-5-597] may offer a simple solution to these problems in elderly patients with PHN.

All modeling methods have limitations. The studies covered in this review were undertaken in different countries in Europe where disease management costs, health systems, and resource unit costs differ significantly. In addition, the availability of generic alternatives may have differed in these countries, and physicians may use different doses in different individuals. As a result, intercountry comparisons may not always be appropriate. Additionally, data used in the models have relied on clinical trials data available largely from indirect comparisons because direct comparison studies of all these agents for PHN have not been performed. For example, some of the earlier studies relative to pregabalin included in this review relied on noncomparative trials for model inputs and the inclusion of quality of life data from a variety of sources. However, later studies were based on a head-to-head trial and gave similar results, thereby providing a validation of the outcomes of the previous models. Lastly, the models have not considered combination treatment, even though this is relatively frequently used: in one study, 56% of PHN patients reported taking more than one prescription therapy in the past week.[@b64-ceor-5-597]

Despite differences in underlying clinical data, number of plasters, treatment patterns, costs, and clinical guidelines, there is remarkable similarity in cost-effectiveness of LMP across different countries and scenarios. Overall, the results from the ten studies covered in this review suggest that use of LMP offers cost savings compared with both gabapentin and pregabalin in elderly patients with PHN. These savings are largely the result of the positive safety profile of LMP, which drives the beneficial impact on quality of life and avoidance of costs related to adverse events and treatment discontinuations.
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![Basic decision tree structure for the Markov model.\
**Notes:** Lidocaine medicated plaster; versatis®, Grünenthal GmbH, Aachen, Germany. a, discontinue the lidocaine plaster during the run-in phase; b, remain on the lidocaine plaster monotherapy after the run-in phase; c, discontinue the lidocaine plaster during the maintenance phase; d, add in additional medication during the lidocaine plaster maintenance phase; e, cease the lidocaine plaster during the run-in with the lidocaine plaster plus additional medication; f, remain on the lidocaine plaster after the run-in phase of the additional medication; g, discontinue the lidocaine plaster during the maintenance phase with additional treatment.\
**Abbreviations:** PHN, post-herpetic neuralgia; M, Markov node.](ceor-5-597Fig1){#f1-ceor-5-597}

![CE acceptability curve for LMP relative to pregabalin in the UK.\
**Notes:** Lidocaine medicated plaster: Versatis®, Grünenthal GmbH, Aachen, Germany. Reproduced with kind permission Springer Science+Business Media. Nuijten M, Hidalgo A, Obradovic M, Liedgens H. Cost-effectiveness of a lidocaine plaster relative to gabapentin and pregabalin in the treatment of postherpetic neuralgia in Spain. *Value Health*. 2010;13(7):A468.[@b54-ceor-5-597]\
**Abbreviations:** CE, cost effectiveness; LMP, lidocaine medicated plaster.](ceor-5-597Fig2){#f2-ceor-5-597}

###### 

Transition probabilities used in the cost-effectiveness studies

  Location                                                            Transition                                                       Mean probability                   Source                                                                                                                                                                                                                                                              
  ------------------------------------------------------------------- ---------------------------------------------------------------- ---------------------------------- -------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------- ------------------------------------------------------------------------------
  UK[@b48-ceor-5-597]                                                 Probability of dropout due to side effects during run-in phase   0.06627                            0.13043                                                                                LMP: clinical trial (Katz et al[@b37-ceor-5-597])                                                                                                                            
  Probability of remaining on treatment after run-in phase            0.57962                                                          0.41121                            G: Delphi panel consensus and clinical trial (Rice and Maton[@b21-ceor-5-597])                                                                                                                                                                                      
  Probability of discontinuation during maintenance phase             0.0102                                                           0.04365                                                                                                                                                                                                                                                                                                
  Probability of adding in additional medication during maintenance   0.09712                                                          0.09712                                                                                                                                                                                                                                                                                                
  Scotland[@b49-ceor-5-597],[@b50-ceor-5-597]                         Probability of dropout due to side-effects during run-in phase   0.06627                            0.062                                                                                  0.091                                                                                  0.13043                                                                               LMP: clinical trial (Katz et al[@b37-ceor-5-597])
  Probability of remaining on treatment after run-in phase            0.57962                                                          0.138                              0.192                                                                                  0.41121                                                                                PG: Delphi panel consensus based on trial (van Seventer et al[@b18-ceor-5-597])       
  Probability of discontinuation during maintenance phase             0.06970                                                          0.0296                             0.042                                                                                  0.08299                                                                                G: Delphi panel consensus and clinical trial (Rice and Maton[@b21-ceor-5-597])        
  Probability of adding in additional medication during maintenance   0.05718                                                          0.0189                             0.0355                                                                                 0.05718                                                                                                                                                                      
  Germany[@b51-ceor-5-597]                                            Probability of dropout due to side effects during run-in phase   0.06627                            0.10                                                                                   0.04                                                                                   0.13043                                                                               LMP: Delphi panel consensus and clinical trial (Katz et al[@b37-ceor-5-597])
  Probability of remaining on treatment after run-in phase            0.57962                                                          0.5                                0.50                                                                                   0.41121                                                                                PG: Delphi panel consensus and clinical trial (van Seventer et al[@b18-ceor-5-597])   
  Probability of discontinuation during maintenance phase             0.0178                                                           0.0689                             0.0883                                                                                 0.0366                                                                                 G: Delphi panel and clinical trial (and Maton[@b21-ceor-5-597])                       
  Probability of adding in additional medication during maintenance   0.06627                                                          0.275                              0.275                                                                                  0.275                                                                                                                                                                        
  Netherlands[@b52-ceor-5-597]                                        Probability of dropout due to side effects during run-in phase   0.06627                            0.10                                                                                   0.04                                                                                   0.13043                                                                               LMP: Delphi panel consensus and clinical trial (Katz et al[@b37-ceor-5-597])
  Probability of remaining on treatment after run-in phase            0.57962                                                          0.648                              0.751                                                                                  0.41121                                                                                PG: Delphi panel consensus and clinical trial (van Seventer et al[@b18-ceor-5-597])   
  Probability of discontinuation during maintenance phase             0.00684                                                          0.361                              0.361                                                                                  0.197                                                                                  G: Delphi panel and clinical trial (Galer and Gammaitoni[@b41-ceor-5-597])            
  Probability of adding in additional medication during maintenance   0.146                                                            0.332                              0.332                                                                                  0.416                                                                                                                                                                        
  UK[@b53-ceor-5-597]                                                                                                                  For 488 mg in maintenance phase:                                                                                                                                                                                                                                                                       
  Probability of dropout due to side effects during run-in phase      0.026                                                            0.235                              LMP: clinical trial data (Baron et al[@b13-ceor-5-597]; Hans et al[@b40-ceor-5-597])                                                                                                                                                                                
  Probability of remaining on treatment after run-in phase            0.663                                                            0.486                              PG: clinical trial data (Baron et al[@b13-ceor-5-597])                                                                                                                                                                                                              
  Probability of discontinuation during maintenance phase             0.044                                                            0.123                                                                                                                                                                                                                                                                                                  
  Probability of adding in additional medication during maintenance   0.068                                                            0.062                                                                                                                                                                                                                                                                                                  
  Sweden[@b56-ceor-5-597]                                                                                                              For 488 mg in maintenance phase:                                                                                                                                                                                                                                                                       
  Probability of dropout due to side effects during run-in phase      0.0026                                                           0.235                              0.235                                                                                  LMP: clinical trial data (Baron et al[@b13-ceor-5-597]; Hans et al[@b40-ceor-5-597])                                                                                         
  Probability of remaining on treatment after run-in phase            0.633                                                            0.468                              0.468                                                                                  PG: clinical trial data (Baron et al[@b13-ceor-5-597])                                                                                                                       
  Probability of discontinuation during maintenance phase             0.044                                                            0.123                              0.123                                                                                  G: same values as PG                                                                                                                                                         
  Probability of adding in additional medication during maintenance   0.068                                                            0.062                              0.062                                                                                                                                                                                                                                                               
  Spain[@b54-ceor-5-597]                                                                                                               For 488 mg in maintenance phase:                                                                                                                                                                                                                                                                       
  Probability of dropout due to side effects during run-in phase      0.0026                                                           0.235                              0.235                                                                                  LMP: clinical trial data (Baron et al[@b13-ceor-5-597]; Hans et al[@b40-ceor-5-597])                                                                                         
  Probability of remaining on treatment after run-in phase            0.633                                                            0.468                              0.468                                                                                  PG: clinical trial data (Baron et al[@b13-ceor-5-597])                                                                                                                       
  Probability of discontinuation during maintenance phase             0.044                                                            0.123                              0.123                                                                                  G: same values as PG                                                                                                                                                         
  Probability of adding in additional medication during maintenance   0.068                                                            0.062                              0.062                                                                                                                                                                                                                                                               
  Austria[@b55-ceor-5-597]                                                                                                             For 488 mg in maintenance phase:                                                                                                                                                                                                                                                                       
  Probability of dropout due to side effects during run-in phase      0.0026                                                           0.235                              0.235                                                                                  LMP: clinical trial data (Baron et al[@b13-ceor-5-597]; Hans et al[@b40-ceor-5-597])                                                                                         
  Probability of remaining on treatment during run-in phase           0.633                                                            0.468                              0.468                                                                                  PG: clinical trial data (Baron et al[@b13-ceor-5-597])                                                                                                                       
  Probability of discontinuation during maintenance phase             0.044                                                            0.123                              0.123                                                                                  G: same values as PG                                                                                                                                                         
  Probability of adding in additional medication during maintenance   0.068                                                            0.062                              0.062                                                                                                                                                                                                                                                               
  Portugal[@b55-ceor-5-597]                                                                                                            For 488 mg in maintenance phase:                                                                                                                                                                                                                                                                       
  Probability of dropout due to side effects during run-in phase      0.0026                                                           0.235                              LMP: clinical trial data (Baron et al[@b13-ceor-5-597]; Hans et al[@b40-ceor-5-597])                                                                                                                                                                                
  Probability of remaining on treatment during run-in phase           0.633                                                            0.468                              PG: clinical trial data (Baron et al[@b13-ceor-5-597])                                                                                                                                                                                                              
  Probability of discontinuation during maintenance phase             0.044                                                            0.123                              G: same values as PG                                                                                                                                                                                                                                                
  Probability of adding in additional medication during maintenance   0.068                                                            0.062                                                                                                                                                                                                                                                                                                  

**Notes:** Lidocaine medicated plaster: Versatis®, Grunenthal GmbH, Aachen, Germany.

**Abbreviations:** LMP, lidocaine medicated plaster; PG, pregabalin; G, gabapentin.

###### 

Individual studies using Markov models in eight European countries

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Location                                      Study comparators dose and cost/day                Data sources                                                                                                                                                                                                      Index year for costs   LMP/day and cost of LMP/day for base-case
  --------------------------------------------- -------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------- ----------------------------------------------------------------------------------------------------
  UK[@b48-ceor-5-597]                           Gabapentin\                                        • Clinical trials identified by systematic literature review undertaken in mid 2006\                                                                                                                              2006                   1.03 LMPs/day (based on the average usage by approximately 37,000 PHN patients treated in the US)\
                                                1,800 mg/day\                                      • Delphi panel -- nine UK GPs who had experience treating PHN with gabapentin and had treated at least five patients with PHN in the last year\                                                                                          £2.49 per patient/day
                                                £3.553/day                                         • Utility values derived from a published economic evaluation (Cepeda and Farrar[@b57-ceor-5-597])                                                                                                                                       

  Scotland[@b49-ceor-5-597],[@b50-ceor-5-597]   Gabapentin                                         • Clinical trials identified by systematic literature review\                                                                                                                                                     2006                   1.89 LMPs/day (based on average values from clinical studies)\
                                                                                                   • Delphi panel -- eight GPs and one pain specialist working in Scotland\                                                                                                                                                                 1.03 LMPs/day based on daily consumption
                                                                                                   • Utility values derived from a published economic evaluation (Cepeda and Farrar[@b57-ceor-5-597])                                                                                                                                       

  Germany[@b51-ceor-5-597]                      Pregabalin\                                        • Clinical trials identified by systematic literature review late 2006\                                                                                                                                           2007                   1.03 LMPs/day (based on average daily usage in the US)\
                                                Costs for maintenance phase\                       • Delphi panel -- eleven German physicians (six GPs, three neurologists and two anesthetists/pain therapists); utility values derived from a published economic evaluation (Cepeda and Farrar[@b57-ceor-5-597])                          €4.04 per patient/day during run-in\
                                                €2.93 for 300 mg/day\                                                                                                                                                                                                                                                                       €3.86 per patient/day for maintenance\
                                                €4.41 for 600 mg/day\                                                                                                                                                                                                                                                                       Scenario analysis:\
                                                Gabapentin\                                                                                                                                                                                                                                                                                 1.89 LMPs/day (average plaster consumption in 5 clinical trials)
                                                1,800 mg/day at €2.42/day based on generic costs                                                                                                                                                                                                                                            

  Netherlands[@b52-ceor-5-597]                  Pregabalin\                                        • Clinical trials identified by systematic literature review\                                                                                                                                                     2008                   1.03 LMPs/day (daily consumption in the market based on IMS unpublished data, September 2006)\
                                                Gabapentin                                         • Delphi panel -- seven pain specialists and one GP working in the Netherlands\                                                                                                                                                          1.89 (average from clinical trials available that time)
                                                                                                   • Utilities derived from the literature                                                                                                                                                                                                  

  UK[@b53-ceor-5-597]                           Pregabalin\                                        • Head-to-head clinical trial (Baron et al[@b13-ceor-5-597])\                                                                                                                                                     2009                   1.71 LMPs/day (based on a head-to-head clinical trial; Baron et al[@b13-ceor-5-597])\
                                                488 mg/day\                                        • Delphi panel -- nine UK GPs who had treated at least five PHN patients in the last year and who had experience treating PHN with the LMP and pregabalin\                                                                               1.1 LMPs/day (scenario analysis based daily consumption in the market)\
                                                £ 1.15 for 300 mg/day\                             • Utility values derived from a published economic evaluation (Cepeda and Farrar[@b57-ceor-5-597])                                                                                                                                       £2.41 per plaster
                                                £2.30 for 600 mg/day                                                                                                                                                                                                                                                                        

  Sweden[@b56-ceor-5-597]                       Pregabalin                                         • Head-to-head clinical trial (Baron et al[@b13-ceor-5-597]) and long-term clinical trials identified by systematic literature review\                                                                                                   1.71 LMPs/day
                                                                                                   • Delphi panel -- six pain specialists working in Sweden\                                                                                                                                                                                
                                                                                                   • Utilities derived from the literature                                                                                                                                                                                                  

  Spain[@b54-ceor-5-597]                        Pregabalin\                                        • Head-to-head clinical trial (Baron et al[@b13-ceor-5-597]) and long-term clinical trials identified by systematic literature review\                                                                                                   1.71 LMPs/day
                                                488 mg/day\                                        • Delphi panel -- six pain specialists and four GPs working in Spain\                                                                                                                                                                    
                                                Gabapentin 2,100 mg/day                            • Utilities derived from the literature                                                                                                                                                                                                  

  Austria[@b55-ceor-5-597]                      Pregabalin\                                        • Clinical trials identified by systematic literature review\                                                                                                                                                                            1.71 LMPs/day\
                                                488 mg/day\                                        • Delphi panel -- six pain specialists working in Austria\                                                                                                                                                                               €4.75/day
                                                €653/day                                           • Utility values derived from a published economic evaluation (Cepeda and Farrar[@b57-ceor-5-597])                                                                                                                                       

  Portugal[@b55-ceor-5-597]                     Pregabalin\                                        • Clinical trials identified by systematic literature review\                                                                                                                                                                            1.71 LMPs/day\
                                                488 mg/day\                                        • Delphi panel -- two GPs, one dermatologist, two neurologists, one internist and four pain specialists all working in Portugal\                                                                                                         €3.88/day
                                                €l,825/day                                         • Utility values derived from a published economic evaluation (Cepeda and Farrar[@b57-ceor-5-597])                                                                                                                                       
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** Lidocaine medicated plaster: Versatis®, Grünenthal GmbH, Aachen, Germany.

**Abbreviation:** LMP, lidocaine medicated plaster.

###### 

Cost-effectiveness of LMP using Markov modeling in ten European studies

  Study                          Total treatment cost/patient (6 months)   Accrued QALYs (6 months)   ICER (cost/QALY)                   Symptom free time (months)   ICER (cost/additional symptom free month)
  ------------------------------ ----------------------------------------- -------------------------- ---------------------------------- ---------------------------- -------------------------------------------
  UK[@b48-ceor-5-597]                                                                                                                                                 
   LMP 1.03/day                  £549                                      0.2991                     Dominant to gabapentin (£2,163)                                 
   LMP 1.89/day                  £845                                      0.2991                     £2,543                                                          
   Gabapentin                    £718                                      0.2489                                                                                     
  Scotland[@b49-ceor-5-597]                                                                                                                                           
   LMP 1.89/day                  £958                                      0.2922                     £3,767 to gabapentin                                            
   LMP 1.03/day                  £681                                      0.2922                     Dominant to gabapentin (£13,415)                                
   Gabapentin                    £789                                      0.2473                                                                                     
  Scotland[@b50-ceor-5-597]                                                                                                                                           
   LMP 1.03/day                  £681                                      0.292                      £434 to pregabalin                 4.45                         £18 to pregabalin
   Pregabalin (600 mg)           £655                                      0.231                      2.98                                                            
  Germany[@b51-ceor-5-597]                                                                                                                                            
   LMP 1.03/day                  €911                                      0.300                      €3,453 to gabapentin               4.06                         €137 to gabapentin
   Gabapentin                    €728                                      0.247                      LMP dominant to pregabalin         2.72                         Dominant to pregabalin
   Pregabalin (600 mg)           €977                                      0.256                      3.22                                                            
  Netherlands[@b52-ceor-5-597]                                                                                                                                        
   LMP 1.03/day                  €1,180                                    0.401                      €908 to gabapentin                 €44 to gabapentin            
   Gabapentin                    €1,121                                    0.336                      LMP dominant to pregabalin         Dominant to pregabalin       
   Pregabalin (600 mg)           €1,386                                    0.349                                                                                      
  UK[@b53-ceor-5-597]                                                                                                                                                 
   LMP 1.71/day                  £980                                      0.321                      £2,925 to pregabalin               4.287                        £126
   LMP 1.1/day                   £756                                      0.321                      LMP dominant to pregabalin         2.737                        
   Pregabalin                    £784                                      0.254                                                                                      
  Sweden[@b56-ceor-5-597]                                                                                                                                             
   LMP 1.71/day                  €2,263                                    0.428                      €2,520 to pregabalin                                            
   LMP 1.03/day                  €1,904                                    0.340                      LMP dominant to pregabalin                                      
   Pregabalin (300 mg)           €2,041                                                                                                                               
  Spain[@b54-ceor-5-597]                                                                                                                                              
   LMP 1.71/day                  €1,725                                    0.428                      €7,009 to gabapentin               4.6                          €307 to gabapentin
   LMP 1.1/day                   €1,414                                    0.428                      €4,230 to pregabalin               4.6                          €185 to pregabalin
   Gabapentin (generic)          €1,100                                    0.339                      €3,525 to gabapentin               2.6                          
   Pregabalin (488 mg)           €1,348                                    0.339                      €742 to pregabalin                 2.6                          
  Austria[@b55-ceor-5-597]                                                                                                                                            
   LMP 1.71/day                  €1,534                                    0.428                      €9,899                             4.6                          €433
   LMP 1.1/day                   €1,068                                    0.428                      €4,663                             4.6                          €204
   Pregabalin (488 mg)           €653                                      0.339                      2.6                                                             
  Portugal[@b55-ceor-5-597]                                                                                                                                           
   LMP 1.71/day                  €1,924                                    0.428                      €1,112                             4.6                          €49
   LMP 1.1/day                   €1,585                                    0.428                      LMP dominant to pregabalin         4.6                          Dominant
   Pregabalin (488 mg)           €1,825                                    0.339                      2.6                                                             

**Notes:** Lidocaine medicated plaster: versatis®, Grünenthal GmbH, Aachen, Germany.

**Abbreviations:** LMP, lidocaine medicated plaster; QALY, quality-adjusted life years; iCER, incremental cost-effectiveness ratio.
